An uptake system for the bio-remediation of textile wastewater using Chlorella vulgaris DPSF01. Chlorella vulgaris is mass cultured in raw textile wastewater diluted with normal tap water and the growth was assessed. The research work focus on to evaluate the potential of Chlorella vulgaris on reduction of physicochemical properties and azo compounds in textile wastewater. Treatment of textile wastewater with C. vulgaris is carried out for 28 days. The microalga is inoculated on four dilutions (15%, 30%, 45% & 60%) of textile wastewater. Cell count of Chlorella vulgaris and physicochemical parameters of the treated and untreated wastewater is enumerated once in seven days interval for 28 days. Degradation of azo compounds on treated and untreated wastewater by Chlorella vulgaris was confirmed by GCMS and FTIR analysis. The results confirm that Chlorella vulgaris DPSF01 has improved the quality of textile wastewater to meet its permissible limits for discharge into the environment.
INTROdUCTION
Textile industries are one of the rapid growing sectors in India. There are 21,076 textile units in India of which 5,285 units in Tamilnadu 1 . Textile processing includes sizing, de-sizing, scouring, bleaching, dyeing, rinsing and finishing. Thus, the textile effluent consists of different pollutants (dyes, surfactants, acid, bases, salts, heavy metals and addictives like anti-foaming and whitening agent, etc.) 2 . One kilogram of cloth production requires 45 to 60 L of water hence textile industry is one of the high consumer of water in all over the world 3 .
In the treatment of textile effluent, bio-technological methods reveal the best comparing to the physical and chemical methods. Due to the long growth and less decolourization factor, fungal system becomes unfit for the bioremediation of textile effluent 4 . In case of bacteria, decolourization of textile dye is 60 to 80% on cultivation of 44 hours 5 . Microalgae are the best in the remediation of textile effluent by removal of nitrogen, phosphorus and carbon from wastewater, thereby reducing eutrophication 6 . Micro-algae are capable of sequestering carbon dioxide in seawater, industrial wastewater, salt marshes, sewage wastewater and diverse wastewater by which reduces greenhouse effect 7 .
The use of micro-algae or macro-algae for the removal of pollutants from wastewater is known as phycoremediation. Number of micro-algae like Chlorella marina, Isochrysis galbana, Tetraselmis sp, Nanochloropsis sp and Dunaliella salina are concluded as the best tool in the removal of textile dye from the effluent 8 . The objective of the current research is to investigate the reduction of physicochemical parameters pH, EC, Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Total Solids (TS), Total Dissolved Solids (TDS), Total Hardness (TH), Chloride, Bicarbonate, Magnesium, Ammoniacal nitrogen and Phosphate), heavy metals (Copper, Zinc Chromium, Iron and Nickel), and functional groups from the textile wastewater.
Methodology Stock culture of micro-algae
Chlorella vulgaris DPSF01 was obtained from the Depar tment of Mar ine Science, Bharathidasan University, Tiruchirappalli, Tamilnadu, India. The culture was grown on Bold's Basal Medium (BBM) at optimum condition of 20±23 O C with 12 h. light and 12 h. dark 9 . All the chemicals were purchased from Merck, Mumbai, India.
Collection and source of textile wastewater
The wastewater was collected from a textile garment located at Tiruppur, Tamilnadu. Tiruppur is the fourth largest city in Tamilnadu with latitude 11.1085° N and longitude 77.3411° E. The garment undergoes physical, chemical and biological methods to treat the textile wastewater before final discharge. The wastewater was collected in a sterile cane and was stored at 4 O C for further deactivation. The physical (pH and EC) and chemical parameters (BOD, COD, TS, TDS, TH, chloride, magnesium, phosphate, ammoniacal nitrogen and bicarbonate) of the wastewater were analysed according to the APHA methods (1989).
Experimental procedure of phycoremediation
Four dilutions of textile wastewater were done which are 15% of textile wastewater was diluted with tap water (D 1 ), 30% of textile wastewater was diluted with tap water (D 2 ), 45% of textile wastewater was diluted with tap water (D 3 ), 60% of textile wastewater was diluted with tap water (D 4 ), 75% of textile wastewater was diluted with tap water (D 5 ) and 100% raw textile wastewater (D 6 ) 11 . 75% and 100% were not used in the experiment because of micro-alga growth was not observed.
Analysis of algal cell count
The cell count was determined using haemocytometer and microscope. The procedure for the cell count was followed by Lackey Drop Micro Transect method 12 . Algal count was enumerated at the interval of seven days ( Chlorophyll estimation A 20 ml of culture was centrifuged at 10,000 rpm for 10 minutes. The pellet was mixed with DMSO and again the mixture was centrifuged at 5000 rpm for 10 min. for re-extraction. After centrifugation, the supernatant was measured at 645 nm and 663 nm absorbance in spectrophotometer according to Arnon (1949) .
Analysis of physicochemical parameters
The collected wastewater was subjected to physical and chemical tests such as pH, EC, BOD, COD, TS, TDS, TH, chloride, magnesium, phosphate, ammoniacal nitrogen and bicarbonate. The physicochemical parameters were estimated by APHA (1989) at the interval of seven days (7   th   , 14   th   ,  21 st and 28 th day). pH and electrical conductivity of the treated and untreated wastewater was assessed using ELICO model -107 and ELICO model -180 respectively. To analyse BOD, the sample and blank (dilution water) was incubated at 20 O C for five days. Initial DO was measured for both blank and sample before five days and final DO was measured after five days. BOD is the difference between initial DO and final DO. The COD was quantified by stirring the sample with ferroin indicator and titrating against ferrous ammonium sulphate solution. The variation in the volume of blank and sample on titration is the measure of COD. Total hardness of the treated and untreated wastewater was estimated using EDTAtrimetric method. The amount of CaCO 3 in the water represents the total hardness of the water. Protocol of Nesslerisation method was followed to determine the ammoniacal nitrogen of treated and untreated wastewater. Chloride ion is the major inorganic anion in wastewater and was measured by titrating the sample against silver nitrate solution. Estimation of phosphate in treated and untreated wastewater was done using membrane filtration technique. Total solids and total dissolved solids were analysed before and after treatment using the Whatmann filter paper. Heavy metals were analysed using Atomic Adsorption Spectrophotometer (1983-400 HGA 900/ AS 800 Perkin Elmer) and Multi-Element Standard (Merck-112837) during the time interval of 7 days (14) .
Statistical analysis
Experiments were carried out with three replications. Results were presented with the means ± standard errors for all the three replicates.
FTIR and GCMS analysis
Fourier transformed infrared spectral analysis was used to determine the functional groups on the cell surface of micro-algae before and after treatment. The spectra were recorded on the wavelength between 4000 -400 cm -1 using FTIR spectroscopy of model Perkin-Elmer 1725x. Raw and treated wastewater were mixed with the mixture of methanol and water (9:1) and incubated in shaker for overnight at room temperature. The sample was filtered using Whatmann filter paper and dried in hot air oven. After drying, the pellet was collected 15 . Degradation of azo compounds was determined by GC-MS Thermo MS DSQ II, gas carrier helium (1.0 ml/min.), capillary column 16 .
RESULTS ANd dISCUSSION
Analysis of algal growth Algal cell count was found to be 785 × 103 cells mL -1 in D1 on the 28th day whereas in D 3 and D 4 limited growth was observed. High growth of algae in textile wastewater was observed due to the presence of carbon, nitrogen, phosphorus, salt and toxicants like benzidine and naphthalene limited the growth of algae 17, 18 . The lowest algal cells (442 × 103 cells mL -1 ) were found in D 4 dilution (Figure 1 ).
Chlorophyll count on textile wastewater
Chlorophyll count was found to be high in D 1 and D 2 , due to higher dilution (Fig. 2) . Maximum count of chlorophyll a was 0.73 µg/ml and chlorophyll b was 0.26 µg/ml in D 1 dilution on the 28 th day of the treatment. The colour change of textile wastewater from dark green to algal green was due to the high count of chlorophyll a and b 19 . was achieved by the process of denitrification by C. vulgaris 25 . The uptake of phosphate from wastewater was mainly for the usage of phosphorus for ATP and nucleic acid production 26 . After the treatment of textile wastewater with C. vulgaris the magnesium was reduced from 87 mg L -1 to 30 mg L -1 . As the heavy metals were below the permissible limits of BIS-1994 27 in raw textile wastewater and the further analysis of heavy metals was not done. Figure 3 shows the functional group analysis of treated and untreated wastewater. A broad peak at 3437 cm -1 represents NH 2 group of aromatic amines. The wave number of 2269 cm 
FT-IR analysis of treated and untreated textile wastewater

CONCLUSION
The present study suggests that C. vulgaris is a suitable tool for the bio-remediation of textile wastewater. Degradation of azo compounds by C. vulgaris reduces the toxicity of textile wastewater to a considerable level. Treatment of textile wastewater using C. vulgaris is cost-effective and the treated wastewater can also be analysed for plant growth. The usage of C. vulgaris treated textile wastewater for industrial purposes and the mechanism of heavy metal removal will be reviewed in future.
